
Argonne National Laboratory

Theory Institute 2004: Supersymmetry, Extra Dimensions, and Higgs

Bosons

TeV-scale gauge symmetry and
anomaly mediation

Ilia Gogoladze

University of Notre Dame

O.C. Anoka, K.S. Babu and I.G,

Nucl. Phys. B686, 135 (2004)

Nucl. Phys. B687, 3 (2004)

1



The mass of the scalar components

of the chiral supermultiplet
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are the one–loop anomalous dimensions, β(Y) is

the beta function for the Yukawa coupling, and β(g) is

the beta function for the gauge coupling. Maux is the

vacuum expectation value of a “compensator super-

field” which sets the scale of SUSY breaking

The gaugino mass Mg associated with

the gauge group with coupling g is

given by

Mg =
β(g)

g
Maux
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The trilinear soft supersymmetry break-

ing term is given by

AY = −β(Y)

Y
Maux

In the specific scenario for generating

the µ term, the B-term is given by

B = −
(
γHu + γHd

)
Maux
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Introducing new particles at the TeV

scale with large Yukawa couplings to

the lepton fields.

Z. Chacko, M.A. Luty, I. Maksymyk and E. Ponton, JHEP 04,

(2000) 001

The Yukawa contributions can also

be enhanced by invoking R–parity vi-

olating couplings in the MSSM

B.C. Allanach and A. Dedes, JHEP 06, (2000) 017

Positive D–term contributions from

a U(1) gauge symmetry broken at the

weak scale. This was achieved by adding

TeV scale Fayet–Iliopoulos terms ex-

plicitly to the theory

I. Jack and D.R.T. Jones, Phys. Lett. B 473, (2000) 102;

Phys. Lett. B 482, (2000) 167
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New D–term contributions generated

in a controlled fashion by the break-

ing of U(1)B−L at an arbitrary high

scale

N. Arkani-Hamed, H. Murayama, Y. Nomura and D.E. Ka-

plan, JHEP 0102, (2001) 041; R. Harnik, H. Murayama and A.

Pierce, JHEP 0208, (2002).

A low scale ancillary U(1) as a solu-

tion to the problem has been studied

B. Murakami and J.D. Wells, Phys. Rev. D 68, (2003) 035006

A non–decoupling universal bulk con-

tribution to all the scalar masses is a

widely studied option
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Particle Content and Charge

Assignment of the Model

SU(3)C SU(2)L U(1)Y SU(3)H SU(3)G

Qi 3 2 1/6 1 1

uc
i 3̄ 1 -2/3 1 1

dc
i 3̄ 1 1/3 1 1

Lα 1 2 -1/2 3 1

ec
α 1 1 1 3 1

Hu 1 2 1/2 1 1

Hd 1 2 -1/2 1 1

Φα
i 1 1 0 3̄ 3

ηi 1 1 0 3̄ 3

η̄i 1 1 0 3 3̄
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Model with SU(3)H Leptonic

Horizontal Symmetry

W = (Yu)ij QiHuu
c
j + (Yd)ij QiHdd

c
j + µHuHd

+κΦα
1Φ

β
2Φ

γ
3εαβγ + ληα

aη
β
bΦ

γ
cεαβγεabc

+Mηηaη̄a

In the SU(3)H symmetric limit the lep-

tons are all massless.

Ll
eff =

Lαe
c
αΦ

α
i Φ

α
i Hd

M2
i

.

the mass scale Mi order of 5TeV,

20TeV and 300TeV will generate re-

alistic τ , µ and electron mass.
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Small neutrino masses are induced

through the seesaw mechanism.

Lν
eff =

λ
αβ
OJLαLβHuhuΦα

i Φ
β
j

M3
N

.

For MN ∼ 107 GeV and 〈Φi〉 ∼ TeV,

neutrino masses are in the right range.
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SU(3)H symmetry breaking

The SU(3)H symmetry breaking sector

of the potential is given by:

V(Φi) = m2
φ(Φ

†
1Φ1 + Φ†

2Φ2 + Φ†
3Φ3) + κAκ

(
Φα

1Φ
β
2Φ

γ
3εαβγ + c.c

)
+ κ2

[
(Φ1Φ2)

†(Φ1Φ2) + (Φ1Φ3)
†(Φ1Φ3) + (Φ2Φ3)

†(Φ2Φ3)
]

+
g2

4

8

8∑
a=1

|Φ†
1λ

aΦ1 + Φ†
2λ

aΦ2 + Φ†
3λ

aΦ3|2.

Here g4 is the gauge coupling of the

SU(3)H, Aκ is the trilinear A–term corre-

sponding to the coupling κ, m2
φ is the

soft mass squared for the Φi fields.

〈Φ1〉 =

 u

0

0

 , 〈Φ2〉 =

 0

u

0

 〈Φ3〉 =

 0

0

u


Using these VEVs the potential be-

comes

〈V(Φ)〉 = 3m2
φu

2 + 3κ2u4 + 2κAκu
3
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Minimization leads to the condition

u =
−Aκ ±

√
−8m2

φ + A2
κ

4κ

Since the symmetry breaking chain

is SU(3)H × SU(3)G → SU(3)H+G, we

can classify the masses of all scalars

and fermions as multiplets of SU(3)H+G

A physical octet remains in the spec-

trum with a mass given by

M2
octet = −2κ2u2 − 2κuAκ + g2

4u
2

There are two singlets, one scalar (φs)

and one pseudoscalar (φp) with masses
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given by

m2
φs

= 4κ2u2 + κuAκ,

m2
φp

= −3κuAκ

the octet Higgsino mixes with the octet

gaugino

M′
octet =

(
m4 g4u

g4u κu

)

there is a Majorana fermion, a singlet

of SU(3)H+G, with a mass of

mφ̃ = 2κu

the gauge bosons form an octet with

a mass

MV = g4u
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Since the Higgs potential respects

SU(3)H ⊗ SU(3)G symmetry, after sponta-

neous symmetry breaking, the diag-

onal subgroup SU(3)G+H remains as an

unbroken global symmetry. This sub-

group contains e, µ and τ lepton num-

bers.
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Slepton masses

The slepton mass–squareds are given

by the eigenvalues(
m2
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ẽc
α

)

m2
L̃α

=
M2

aux

(16π2)
(YEαβ(YEα)− 3

2
g2β(g2)−

3

10
g1β(g1)

−8

3
g4β(g4)) + m2

Eα
+

(
−1

2
+ sin2 θW

)
cos2βM2

Z

m2
ẽc
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8
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Z

β(g4) = − 3
16π2g

3
4 and g4 > 0.5.
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MSSM Particles Mass (TeV)

{mχ̃0
1
, mχ̃0

2
, mχ̃0

3
, mχ̃0

4
} {0.19625, 0.585, 1.179, 1.184}

{mχ̃±1
, mχ̃±2

} {0.196291, 1.183}

M3 1.411

{mh, mH, mA, mH±} {0.115, 1.177, 1.176, 1.179}

{mẽR, mµ̃R, mτ̃1} {0.245, 0.245, 0.232}

{mẽL, mµ̃L, mτ̃2} {0.254, 0.254, 0.263}

{mν̃e, mν̃µ, mν̃τ} {0.242, 0.242, 0.242}

{md̃R
, ms̃R, mb̃1

} {1.373, 1.373, 1.369}

{md̃L
, ms̃L, mb̃2

} {1.361, 1.361 1.195}

{mũR, mc̃R, mt̃1
} {1.365, 1.365, 0.983}

{mũL, mc̃L, mt̃2
} {1.359 1.359, 1.244}

Sparticle masses for the choice Maux =

63 TeV, tan β = 4, µ = 1.177 TeV, yb =

0.0716, λ = 0.1, κ = 0.08, g4 = 0.55,

u = −3.4 TeV, Mη = 1.0 TeV
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New Particles Mass (TeV)

MV 1.871

mφ̃ 0.544

mφ̃1,2
{1.553, 2.191}

{mφs,mφp,mφ−octet} {0.247, 0.840, 1.955}

moctet
η1,2

{0.716, 1.397}

msinglet
η1,2

{0.529, 1.890}

ms−octet
η̃1,2

{0.421, 1.699}

mp−octet
η̃1,2

{1.031, 1.098}

ms−singlet
η̃1,2

{0.850, 1.593}

mp−singlet
η̃1,2

{0.247, 2.189}

Sparticle masses for the choice Maux =

63 TeV, tan β = 4, µ = 1.177 TeV, yb =

0.0716, λ = 0.1, κ = 0.08, g4 = 0.55,

u = −3.4 TeV, Mη = 1.0 TeV
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MSSM Particles Mass (TeV)

{mχ̃0
1
, mχ̃0

2
, mχ̃0

3
, mχ̃0

4
} {0.143, 0.434, 0.872, 0.879}

{mχ̃±1
, mχ̃±2

} {0.143219, 0.878}

M3 1.065

{mh, mH, mA, mH±} {0.113, 0.897, 0.896, 0.900}

{mẽR, mµ̃R, mτ̃1} {0.825, 825, 0.823}

{mẽL, mµ̃L, mτ̃2} {0.827, 0.827, 0.828}

{mν̃e, mν̃µ, mν̃τ} {0.823, 0.823, 0.823}

{md̃R
, ms̃R, mb̃1

} {1.017, 1.017, 1.014}

{md̃L
, ms̃L, mb̃2

} {1.008, 1.008, 0.886}

{mũR, mc̃R, mt̃1
} {1.011, 1.011, 0.718}

{mũL, mc̃L, mt̃2
} {1.005, 1.005, 0.944}

Sparticle masses for the choice Maux =

47 TeV, tan β = 3.9, µ = 0.870 TeV,

yb = 0.0713, λ = 0.3, κ = 0.14, g4 =

1.0, u = −3.779 TeV, Mη = 0.8 TeV
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New Particles Mass (TeV)

MV 3.779

mφ̃ 1.058

mφ̃1,2
{3.071, 4.495}

φ {mφs,mφp,mφ−octet} {0.465, 1.646, 3.940}

moctet
η1,2

{0.254, 2.521}

msinglet
η1,2

{0.137, 4.672}

ms−octet
η̃1,2

{0.588, 3.090}

mp−0ctet
η̃1,2

{1.058, 1.952}

ms−singlet
η̃1,2

{0.964, 4.116}

mp−singlet
η̃1,2

{0.711, 5.224}

Sparticle masses for the choice Maux =

47 TeV, tan β = 3.9, µ = 0.870 TeV,

yb = 0.0713, λ = 0.3, κ = 0.14, g4 =

1.0, u = −3.779 TeV, Mη = 0.8 TeV
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U(1)x Model

U(1)x = xY − (B− L)

Qi uc
i dc

i Li ec
i

U(1)x x/6− 1/3 -2x/3+1/3 x/3+1/3 -x/2+1 x-1

Hu Hd νc
i νc ν̄c S+ S−

U(1)x x/2 -x/2 -1 -1 1 2 -2

to have positive mass–squared from

the U(1)x D-term, x must be 1 < x < 2

W = (Yu)ij QiHuu
c
j + (Yd)ij QiHdd

c
j + (Yl)ij LiHde

c
j + µHuHd

+µ′S+S− +

3∑
i=1

fνc
i
νc
i ν

c
i S+ + fνcνcνcS+ + hν̄cν̄cS− + Mνcνcν̄c

Lν
eff =

Y2
νij

M2
N

LiLjHuHuS−

18



Slepton Masses

m2
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cos2βM2
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+ m2
ei

+ 2g2
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(
1− x
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m2
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M2

aux

(16π2)
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2Yliβ(Yli)− (

6
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g1β(g1) + 2(x− 1)2gxβ(gx))
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+ m2

ei
− sin2 θW cos2βM2

Z + 2g2
x(x− 1)(z2 − y2)

We seek solutions where z = 〈S+〉
and y = 〈S−〉 are much larger thanυu,

υd, of order TeV, with z & y.
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MSSM Particle Mass (TeV)

{mχ̃0
1
, mχ̃0

2
, mχ̃0

3
, mχ̃0

4
} {0.185.851, 0.550, 1.049, 1.050}

{mχ̃0
5
, mχ̃0

6
, mχ̃0

7
} {0.498, 2.840, 4.539}

{mχ̃±1
, mχ̃±2

} {0.185855, 1.051}

M3 1.298

{mh, mH, mA} {0.126, 0.625, 0.625}

{mh′, mH′, mA′} {0.023, 3.436, 0.125}

mH± 0.630

{mẽR, mµ̃R, mτ̃1} {0.383, 0.383, 0.385}

{mẽL, mµ̃L, mτ̃2} {0.213, 0.213, 0.210}

{mν̃e, mν̃µ, mν̃τ} {0.174, 0.174, 0.174}

{md̃R
, ms̃R, mb̃1

} {1.370, 1.370, 1.369}

{md̃L
, ms̃L, mb̃2

} {1.267, 1.267, 1.087}

{mũR, mc̃R, mt̃1
} {1.031, 1.031, 0.406}

{mũL, mc̃L, mt̃2
} {1.264, 1.264, 1.1141}

x = 1.6, Maux = 60 TeV, u = 2.7 TeV, gx = 0.45, M′
1 =

2.2 TeV, Mνc = 1 TeV. tan β = 5.8, µ = −1 TeV, µ′ =

−0.5 TeV
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Conclusion

We have suggested two new scenario

for solving the tachyonic slepton mass

problem of AMSB

1)An Asymptotically free SU(3)H sym-

metry acting on the lepton superfields

provides positive masses th the slep-

tons. The SU(3)H must be broken at

the TeV scale. FCNC processes medi-

ated by the SU(3)H gauge bosons are

suppressed adequately via approximate

global symmetry. this scenario pre-

dicts:

mh . 120 GeV and tan β ' 4
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2) A new class of supersymmetric Z′

models motivated by the AMSB was

presented, where U(1)x = xY−(B−L).

For 1 < x < 2, the charges of the

lepton doublets and the lepton sin-

glets have the same sign. This im-

plies that the U(1)x D–term can in-

duce positive masses for sleptons. We

have found that MZ′ = 2 − 4 TeV

and the Z−Z ′ mixing angle ξ ' 0.001.

The Z ′ is leptophobic Br(Z′ → `+`−) '
(1 − 1.6)%. The correlations between

the Z ′ decays and the supersymmet-

ric spectrum should make this class of

models distinguishable from other Z ′

models.
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